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Description 

METHOD FOR DRIVING ORGANIC LIGHT 
EMITTING DIODES AND RELATED 

CIRCUIT 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to an organic light emitting 
diode (OLED), and more particularly, to a method for driv- 
ing the OLED and related OLED driving circuit. 

[0003] 2. Description of the Prior Art 

[0004] Having a variety of advantages, such as high light inten- 
sity, high response velocity, wide viewing angle, sponta- 
neous light source and thin appearance, an organic light 
emitting diode (OLED) is becoming one of the most popu- 
lar light emitting components that form a display device. 
An OLED is a current-driving component. That is, the in- 
tensity of light (gray scale) emitted by an OLED can be 
controlled by determining currents flowing through the 



OLED. 

[0005] a method for controlling the intensity of light emitted by 
an OLED by adjusting levels of currents flowing through 
the OLED is to adjust a voltage at a gate of a thin film 
transistor (TFT) serially connected to the OLED to control 
the levels of currents flowing through the OLED and to 
control the intensity of light emitted by the OLED. The TFT 
and the OLED combine to form an active display cell. The 
larger a voltage difference between the gate and a source 
of the TFT is, the greater the currents flowing through the 
OLED are and the larger the gray scale that the OLED per- 
forms becomes, and vice versa. 

[0006] | n the process that the TFT drives the OLED, not only the 
quality of the OLED dominates the performance of images 
displayed by the active display cell, but also how stable a 
threshold voltage of a transistor used to drive the TFT can 
be sustained is a key factor in determining whether the 
active display cell can display for a long enough period of 
time or not. Please refer to Fig.l, which is a circuit dia- 
gram of an active display cell 10 according to the prior 
art. The cell 10 comprises a PMOS transistor T and an 
OLED 80 serially connected to the PMOS T . A source, a 
gate and a drain of the PMOS T are connected to a first 



voltage source V , a control voltage source V and an an- 

dd c 

ode of the OLED 80 respectively. A cathode of the OLED 

80 is connected to a second voltage source V . 

[0007] when a voltage generated by the control voltage is too 

small to turn on the PMOS T , the PMOS T does not actu- 

l l 

ate any currents and the OLED 80 serially connected to the 
PMOS T does not emit light either. On the contrary, when 
the control voltage source V_ generates a voltage that is 
large enough to turn on the PMOS T , the PMOS T is 
turned on and actuates its currents capable of enabling 
the OLED 80 to emit light. Since the OLED 80 is an elec- 
tronic component meant for emitting light, the PMOS T 
flows all the time the currents are capable of driving the 
OLED 80 to emit light. Whenever the PMOS T has currents 
flowing through, current carriers (holes for PMOS) are to 
flow along a direction directed by a first electric field E all 
the way from the source to the drain of the PMOS T , and 
some current carriers may accumulate at a region between 
the source and the drain of the PMOS T , resulting in a 
decrease of a threshold voltage V of the PMOS T . 

a thp 1 

[0008] p| ease re f e r to an equation 1, I =K(V +V ) 2 , which is 

dp gs p th p 

a relation of a current I flowing through the PMOS T 

dp 1 

and a difference between a voltage difference V be- 

gsp 



tween the gate and the source of the PMOS T and the 
threshold voltage V of the PMOS T . It can be seen from 

3 thp 1 

the equation 1 that when the voltage difference V is 
kept constant, the current I flowing through the PMOS T 

dp 1 

drops as the threshold voltage V of the PMOS T de- 

K thp 1 

creases. Therefore, currents flowing through the PMOS T 
controlled by a constant voltage, voltage difference V 

gsp 

between the date and the source of the PMOS T , will di- 

i 

minish as time goes by and the OLED 80 can only emit 
dimmer and dimmer light. 
[0009] | n Fig.l, what the active display cell 10 utilizes to control 
the OLED 80 to emit light is the PMOS T . However, the 
active display cell 10 can comprise an NMOS to control 
operations of the OLED 80 instead. Please refer to Fig. 2, 
which is a circuit diagram of a second active display cell 
20 according to the prior art. The cell 20 comprises an 
NMOS T and an OLED 82 serially connected to the NOMS 

2 

T . A source, a gate and a drain of the NMOS are con- 
nected to a second voltage source V p the control voltage 
source V and a cathode of the OLED 82. An anode of the 

c 

OLED 82 is connected to the first voltage source V . 

dd 

[0010] when the control voltage source V_ generates a voltage to 
turn off the NMOS T , the NMOS does not generate any 



currents and the OLED 82 serially connected to the NMOS 
T~ 2 does not emit any light either. On the contrary, when a 
voltage that the control voltage source V generates is 
large enough to turn on the NMOS T , the NMOS 1^ will 
actuate currents capable of enabling the OLED 82 to emit 
light. Whenever the NMOS has currents flowing 
through, current carriers (electron for NMOS) will flow 
along a direction opposite to a direction directed by a 
second electron field all the way from the source to the 
drain of the NMOS T , and some of the current carriers 

2' 

may accumulate at a region between the source and the 
gate of the NMOS T , resulting in an increase of a thresh- 
old voltage V of the NMOS T . 

3 thn 2 

1 ] Please refer to an equation 2, I =K(V -V ) , which 

d n gs n th n 

shows a relation between a current I flowing through the 
NMOS T and a difference between a voltage difference V 

2 * gsn 

between the gate and the source of the NMOS T~ 2 and a 
threshold voltage V of the NMOS T . The equation 2 
shows that when the voltage difference V is kept con- 

gsn 

stant, the current I drops as the threshold voltage V 

dn K 3 thn 

increases. Therefore, currents flowing through the NMOS 
T controlled by a constant voltage, voltage difference V 

2 gsn 

between the date and the source of the NMOS T , will di- 

2' 



minish as time goes by and the OLED 82 can only emit 

dimmer and dimmer light. 
Summary of Invention 

[0012] it j S therefore a primary objective of the claimed invention 
to provide a method for driving an OLED to overcome the 
drawbacks of the prior art. 

[0013] According to the claimed invention, the method comprises 
following steps: (a) providing a first metal oxide semicon- 
ductor (MOS) transistor, whose first and second ends are 
connected to an OLED and to a first voltage source re- 
spectively; (b) providing a capacitor, whose first end is 
connected to a gate of the first MOS transistor; (c) provid- 
ing a second MOS transistor, whose first end is utilized for 
inputting data, a second end of the second MOS transistor 
being connected to the first end of the capacitor; (d) turn- 
ing on the second MOS transistor and inputting data from 
the first end of the second MOS transistor to the second 
end of the second MOS transistor; and (e) turning off the 
second MOS transistor after step (d), and adjusting a volt- 
age at a second end of the capacitor from a first voltage 
level to a second voltage level different from the first volt- 
age level sequentially for enabling a voltage at the first 
end of the capacitor to control currents flowing through 



the OLED. 

[0014] | t j S an advantage of the claimed invention that a method 
to drive an OLED by adjusting a voltage at the gate of the 
first transistor and by decreasing currents flowing through 
the first transistor when the OLED is actuated to emit light 
omits the possibility of charge accumulation and stabi- 
lizes the V . 

th 

[0015] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0016] pig.l is a circuit diagram of a first active display cell ac- 
cording to the prior art. 

[0017] pig. 2 is a circuit diagram of a second active display cell 
according to the prior art. 

[0018] pig. 3 is a circuit diagram of a driving circuit to drive an 
OLED according to the present invention. 

[0019] Fig. 4 is a first timing diagram of a first reference voltage 
source applied to the driving circuit shown in Fig. 3 ac- 
cording to the present invention. 

[0020] Fig. 5 is a second timing diagram of a first reference volt- 



age source applied to the driving circuit shown in Fig. 3 
according to the present invention. 

[0021] pig. 6 is a third timing diagram of a first reference voltage 
source applied to the driving circuit shown in Fig. 3 ac- 
cording to the present invention. 

[0022] pig. 7 is a circuit diagram of a second active display cell to 
drive an OLED according to the present invention. 

[0023] Fig. 8 is a first timing diagram of a first reference voltage 
source applied to the driving circuit shown in Fig. 7 ac- 
cording to the present invention. 

[0024] Fig. 9 is a second timing diagram of a first reference volt- 
age source applied to the driving circuit shown in Fig. 7 
according to the present invention. 

[0025] Fig. 10 is a third timing diagram of a first reference volt- 
age source applied to the driving circuit shown in Fig. 7 

according to the present invention. 
Detailed Description 

[0026] please refer to Fig. 3, which is a circuit diagram of a first 
driving circuit 40 to drive an OLED 84 according to the 
present invention. The driving circuit 40 comprises a first 
PMOS T , a capacitor C and a second MOS T for in- 

lp 2 

putting data at an input end D.^. A first end of the first 

PMOS T is connected to an anode of the OLED 84. A 

ip 



second end of the PMOS T is connected to a first voltage 

ip 

source V . A first end and a second end of the capacitor 

dd 

C are connected to a gate T of the PMOS Tip and a ref- 

3 lPg 

erence voltage source V respectively. An output end D 

of the second MOS T is connected to the first end of the 

2 

capacitor C. A control end of the second MOS 1^ is con- 
nected to a scan voltage source V . The first PMOS T 

scan lp 

can be a TFT transistor. 
[0027] Operations of the driving circuit 40 are described as fol- 
lows: controlling the scan voltage source V to continue 

scan 

to output a voltage to turn on the second MOS transistor 1^ 
so that data at the input end D of the second transistor T 

K in 2 

can be transmitted to the output end D of the second 

out 

transistor 1^ (the first end of the capacitor C) until a volt- 
age at the first end of the capacitor C (the gate of the 
first PMOS transistor T ) is charged to a voltage equal to 
a data voltage V of the input data, resulting that cur- 
rents flowing through the first PMOS transistor T for 
controlling the intensity of light emitted by the OLED 84 at 
this moment vary with the change of a voltage at the gate 

T of the first PMOS transistor T (the first end of the 
lPg ip 

capacitor C, the data voltage V ). That is, the lower the 

data 

data voltage V is, the lower the voltages at the first end 

data 



of the capacitor C and the gate of the first PMOS 

transistor T become. A voltage at the gate T of the 
ip 33 1Pg 

first PMOS transistor T having a high enough voltage 

ip 

level actuates the first PMOS transistor T to flow with 

ip 

currents of greater current levels and drive the OLED 84 to 
emit light of greater intensity levels, accomplishing a 
function performed by the driving circuit 40 to adjust the 
intensity of light emitted by the OLED 84 according to the 
data (the data voltage V ). 

data 

[0028] After the voltage at the first end of the capacitor C is 

charged to be of a voltage level equal to the data voltage 
V of the data, controlling the scan voltage source V 

data scan 

to output a voltage at a time t to turn off the second 

transistor T and turning off the second transistor T , and 

2 3 2 » 

adjusting a voltage of the first reference voltage source V 
sequentially. Please refer to Fig. 4, which is a timing dia- 
gram of the first reference voltage source V of the 

3 3 Iref 

driving circuit 40 according to the present invention. The 
first reference voltage source V generates a first volt- 
age V during intervals from times t to t and from times 

3 1 a 0 2 

t 3 to t 4 , and generates a second voltage during a re- 
maining interval from times t to t . The time t shown in 

3 2 3 0 

Fig. 4 is almost simultaneous with or slightly lags a time 



when the scan voltage source V starts to output the 

scan 

voltage to turn on the second transistor T , while the time 
t shown in Fig. 4 is a time when the scan voltage source V 

1 ~ scan 

starts to output the voltage to turn off the second transis- 
tor T . A voltage difference between the first and the sec- 
ond end of the capacitor C at the time t is equal to a 
voltage subtracted by the first voltage V from the data 
voltage V . Because the second transistor T is kept 

a data 1 K 

turned off after the time t , charges stored in the capaci- 
tor C has no way to flow and the voltage difference be- 
tween the first and the second end of the capacitor C does 
not change at all. As the first reference voltage source V 
generates the first voltage V during the intervals from 
times t to t and from times t to t , a voltage at the first 

1 2 3 4 * 

end of the capacitor C is equal to the data voltage V data - 
As the first reference voltage source V generates the 
second voltage during the interval from times t to t 3 , 
the voltage at the first end of the capacitor C is equal to 
the data voltage V r + (the second voltage tne f' rst 
voltage V . A voltage increased at the first end of the ca- 
pacitor C (the second voltage V 2 the first voltage V ) forms 
an electric field E 3 , whose direction is opposed to the di- 
rection of the electric field E , on a region between the 



source and the gate T of the first PMOS transistor T 

iPg ip 

equivalently. The electric field E 3 decreases a number of 

holes accumulated in the region between the source and 

the gate T of the first PMOS transistor T , therefore 
iPg ip 

accomplishing the goal to stabilize the threshold voltage 
V and to enable the PMOS T to emit stable currents 

th lp 

under a stable gate voltage, so as to enable the OLED to 
emit stable light. 
[0029] The first reference voltage source V shown in Fig. 4 

3 lref 3 

generates the second voltage V , whose level is higher 
than that of the first voltage V , during the interval from 
times t to t . The first reference voltage source V can 

2 3 3 lref 

also surely generate the second voltage V 2 during other 
intervals in addition to the interval from times t to t . 

2 3 

Please refer to Fig. 5 and to Fig. 6, which are two timing di- 
agrams of the first reference voltage source V accord- 

a 3 lref 

ing to the present invention. In Fig. 5, the first reference 
voltage source V generates the second voltage dur- 
ing the interval from times t to t while generating the 
first voltage V during the remaining intervals, so charges 
accumulated during the interval from times t to t can be 

3 12 

released can the threshold voltage V can be kept stable. 
In Fig. 6, the first reference voltage source V generates 



the second voltage V 2 during the interval from times t to 
t while generating the first voltage V during the remain- 
ing intervals, so charges accumulated during the interval 
from times t to t can be released can the threshold volt- 

3 4 

age V can be kept stable. 
[0030] since a value of gray scales performed by an OLED relates 
to the levels of currents flowing through the OLED, the 
greater the currents flowing through the OLED are, the 
larger the value of gray scale performed by the OLED be- 
comes. 

[0031] The first PMOS transistor T of the driving circuit 40 for 

ip 

driving the OLED 84 can be substituted by an NMOS tran- 
sistor. Please refer to Fig. 7, which is a circuit diagram of a 
second driving circuit 60 for driving an OLED 86 according 
to the present invention. The driving circuit 60 comprises 
a first NMOS transistor T , the second MOS transistor T 

In' 2 

and the capacitor C. A first end of the first NMOS transis- 
tor T is connected to a cathode of the OLED 86. A sec- 

ln 

ond end of the first NMOS transistor T is connected to a 

In 

second voltage source V . The first end of the capacitor C 
is connected to a gate T of the first NMOS transistor T 

lng 

(IN?). The second end of the capacitor C is connected to 

In 

a second reference voltage source V . The input end D 

a 2ref K in 



of the second MOS transistor of the driving circuit 60 is 

also utilized to input data. The output end D of the sec- 
out 

ond MOS transistor T is connected to the first end of the 

2 

capacitor C. The control end of the second MOS transistor 
T is connected to the scan voltage source V . The first 

2 scan 

NMOS transistor T can be a TFT. 

In 

[0032] Operations of the driving circuit 60 shown in Fig. 7 are 
similar to those of the driving circuit 40 shown in Fig. 3. 
An only difference is that the timing diagram of the sec- 
ond reference voltage source V to vary a voltage at the 
first end of the capacitor C is different from that of the 
first reference voltage source V , in the second refer- 

lref 

ence voltage source V tne f' rst voltage V being greater 
than the second voltage V . Please refer to Fig. 8 to Fig. 10, 
which are three distinct timing diagrams of the second 
reference voltage source V of the driving circuit 60 ac- 

3 2ref 3 

cording to the present invention. Operations of the driving 
circuit 60 are described as follows: the second reference 
voltage source V is assumed here to generate the first 
voltage V and the second voltage V 2 according to the 



timing diagram shown in Fig. 8. The scan voltage source V 
is controlled to start to output a voltage to turn on the 



scan 



second MOS transistor T so that data at the input end D 

2 K in 



of the second MOS transistor T can be transmitted to the 

2 

output end D of the second MOS transistor T (the first 

K out 2 

end of the capacitor C) until a voltage at the first end of 
the capacitor C (the gate T of the first NMOS transistor 

lng 

T ) is equal a data voltage V of the data. Currents 

In M 3 data 

flowing through the first NMOS transistor T for control- 
ling the intensity of light emitted by the OLED 86 at this 
moment vary with the change of a voltage at the gate T 

lng 

of the first NMOS transistor T (the voltage at the first 
end of the capacitor C, data voltage V ). That is, the 

data 

higher the data voltage V of the data is, the greater 
voltages at the first end of the capacitor C and the gate T 

lng 

of the first NMOS transistor T become. A voltage of a 

In 3 

higher voltage level at the gate T of the first NMOS 

lng 

transistor T enables the first NMOS transistor T itself 

In In 

to flow through currents of greater levels and drives the 
OLED 86 to emit light with greater intensity, accomplish- 
ing the function of the driving circuit 60 to adjust the in- 
tensity of light emitted by the OLED 86 by determining the 
data. 

[0033] After the voltage at the first end of the capacitor C is 

charged to be equal to the data voltage V of the data, 
the scan voltage source V is controlled to output a 

scan 



voltage at the time t to turn off the second transistor T 
and turn off the second transistor T , and a voltage of the 
second reference voltage source V is adjusted sequen- 
tially. A voltage difference between the first and the sec- 
ond end of the capacitor C at the time t is equal to a 
voltage subtracted by the first voltage V from the data 
voltage V . Because the second transistor T is kept 

a data 1 K 

turned off after the time t , charges stored in the capaci- 
tor C have no way to flow and the voltage difference be- 
tween the first and the second end of the capacitor C does 
not change. As the second reference voltage source V . 
which is connected to the second end of the capacitor C, 
generates the first voltage V during the intervals from 
times t to t and from times t to t , a voltage at the first 

12 3 4* 

end of the capacitor C (the gate T of the first NMOS 

lng 

transistor T ) is equal to the data voltage V . As the 

In M * data 

second reference voltage source V generates the sec- 
ond voltage V during the interval from times t to t 3 , the 
voltage at the first end of the capacitor C is equal to the 
data voltage V + the second voltage V the first voltage 

data 2 

V . A voltage decreased at the first end of the capacitor C 
(the first voltage V the second voltage V ) forms an elec- 
tric field E , whose direction is opposed to the direction of 



the electric field E 3 , on a region between the source and 
the gate T of the first NMOS transistor equivalently. 
The electric field is capable of decreasing a number of 
electrons accumulated in the region between the source 
and the gate T of the first NMOS transistor T , accom- 

lng In 

plishing the goal to stabilize the threshold voltage V and 

th 

to enable the OLED to emit stable light. 

[0034] | n contrast to the prior art, the present invention can pro- 
vide a method to stabilize the threshold voltage V of a 
transistor to drive a TFT. Additionally, the present inven- 
tion has the capability to eliminate the charges accumu- 
lated in the FTF to stabilize the threshold voltage V and 
to enable the OLED to emit stable light. 

[0035] Following the detailed description of the present invention 
above, those skilled in the art will readily observe that nu- 
merous modifications and alterations of the device may be 
made while retaining the teachings of the invention. Ac- 
cordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended 
claims. 



